ABSTRACT
INTRODUCTION
The coconut palm generally produces one mature bunch regularly every month. Each bunch goes through a cycle of development lasting about 46 months before it is ready for harvest.
Development of nuts takes place during the last twelve months after opening of the inflorescence (Child, 1974) . This period as well as certain periods prior to this are very sensitive to major climatic elements such as rainfall, solar radiation, and atmospheric relative humidity. Though a mature bunch can be harvested monthly, the crop is usually collected at bimonthly intervals (six picks a year) for convenience, and this is generally done in January/February, March/April, May/June, July/August, September/October and November/December. Coconut isaperennial crop, showing a high degree of tolerance to sub-optimal climatic factors. A well-distributed mean annual rainfall of between 1,500 -2,000 mm is considered to be favourable for cultivation of coconut. In addition, the soil type within a given agrocliniatic zone, is also important. Peiris (1989) showed that the yield fluctuation within years in the Dry Intermediate Zone of Sri Lanka was seasonal. However, the yield fluctuation between years was very complex. When nutrients are non limiting, the yield variation is controlled mainly by the distribution of major climatic variables such as rainfall, solar radiatioin (SR) and relative humidity (RH) during the previous year. Though SR and RH are not linear functions of rainfall, no studies have been carried out to identify the impact of these external variables on coconut yields. A study on the influence of rainfall on yield has also been difficult due to erratic variation in rainfall.
In Trinidad, Smith (1966) reported a strong correlation between yield and cumulative rainfall over a period of 29 months prior to harvest. Abeywardena (1968), in his study of the yield at Bandirippuwa Estate (BE) in the Low Country Intermediate Zone (IL,) of Sri Lanka (the mean and the 75% probability of the annual rainfall during the 31 years period 1958-1988 are 1909.8 mm and 2066.9 mm, respectively), showed that rainfall during the period May to August of the previous year was more influential on yield variation than rainfall during the period January to April or September to December. Prasada Rao (1986) reported that both high rainfall during the months of June, July and August as well as the absence of post-monsoon and pre-monsoon showers adversely affected the subsequent year's nut yield in Kerala, India. Studies in Thailand by Dootson et al. (1989) have shown that the mean monthly temperature, number of rainy days, sunshine hours and evaporation were the factors largely correlated with yield. Prasada Rao (1991) has indicated the necessity of further studies of the climatic requirements of coconut. These studies revealed that the crop response to major climatic variables, specially rainfall had to be further investigated and their effect should be based on distribution of rainfall and also on the soil type.
An identification of the degree of influence of the climatic factors for a given location would be useful in crop-simulation models and to understand the physiological phenomena of the palm.
Further, such an analysis would assist in short-term yield forecasting and consequently in determining the potential yield in a given agro-climatic region.
In view of the above, the emphasis of the present study was to ascertain the intensity of influence of rainfall during two monthly periods of the year on annual nut yield of coconut in the Dry Intermediate Zone of Sri Lanka. 
MATERIALS AND METHODS

The
RESULTS AND DISCUSSION
Degree of Influence of Total Rainfall
The relationship between the annual yield vs time over the 21 years did not exhibit a seasonal or cyclic pattern. A graph representing annual yield and the cumulative rainfall in the previous year also did not show a systematic correlation and it was therefore not possible to detect any quantitative relationship between yield and annual rainfall. The correlation coefficients between yield and cumulative rainfall (and other parameters of rainfall) during the harvesting year, or preceding year, or of two years prior to it, or their combinations were low. It indicated that the parameters of annual rainfall alone were not adequate to explain the temporal variation in yield.
Degree of Influence of Four Monthly Rainfall Perioids
Let JA (4), MA (4) and SD (4) denote the total rainfall during January/April, May/August and September/December of the preceding yearof the harvest. Thecorrelation coefficients (r) between yield and cumulative rainfall of four-monthly sub periods were calculated for seven groups of 1S consecutive years from 1969 to 1989. Such groupings were considered to result in a more unbiased estimate of (r) rather than considering all years at once. The mean correlation coefficient and the mean coefficient of determination presented hereafter are referred to as mean value over the seven yearly-groups and are denoted by r m and R 2 m respectively. The r and r m values for the four month sub-periods are given in Tablet. The r values for January /April were all positive and statistically significant at the 5% level except one which was also near significance at the 5% level. The r m was 0.550* and the R 2 m in the linear model was 30.4 These results revealed that the rainfall during this period was favourable towards increasing yield. Inclusion of JA (4) 2 into the linear models fitted to seven yearly-groups did not improve the R 2 indicating that the palms had the potential for higher yield with higher rainfall during the first quarter of the year.
May/August [MJ (4)]
The minimum r m was observed during May/August and in fact, r values were lowest in all seven groups. By adding MA (4) 2 into the linear models the R 2 was significantly improved in all groups and both parameters in the quadratic.models were either significant at the 5% or 10% level. This reveals that the crop response to rainfall during May/August was quadratic and rainfall above the maximum point of the quadratic model was not utilized by the palms. The maximum points obtained in the quadratic models fitted for seven yearly-groups mentioned above were in the range of 509 to 545 mm. Therefore it can be concluded that the optimum cumulative precipitation the palms required during May/August was around 550 mm.
September/December [SD (4)]
The r values during this period were all negative and were statistically significant either at 5% or 10% level. The r m was -0.502. Addition of SD (4) 2 into the linear models slightly improved R 2 , but neither the F-values nor the parameters of the quadratic model were significant. This indicates the likelihood of harmful effects due to heavy rainfall during September/December, when other external factors required by the palms may not be at optimum level.
The correlations observed for the above three sub-periods by Abeywardene (1968) , using 30 years crop data in a single analysis were 0.253,0.542 and -0.0452 at BE. This correlation structure was different from the observations in this study at RE, where the corresponding values were 0.550,0.274 and -0.502. Of course, as shown above, these two estates are located in two different agroclimatic zones. However, it is important to observe that the correlation with rainfall in the last quarter of the year was negative in both regions, even though the value at BE was extremely low. The magnitude of the correlations obtained for January/April and May/August at RE was of similar order to the values obtained for May/August and January/April respectively, at BE. These results provide more thoughts for future studies. Due to the complex floral biology of coconut, it is difficult to attribute these responses quantitatively to any one or a set of variables. However, as a preliminary investigation it was considered appropriate to study the effect of rainfall of two monthly sub-periods.
DISTRIBUTION OF BI-MONTHLY RAINFALL
The monthly rainfall pattern in this area is bimodel. One peak is due to South-West monsoon rains during May/June ("Yala" season) and the other due to North-East monsoon rains during October/November ("Maha" season). Peiris and Seneviratne (1989) have shown that the probabil ity of rain occurring in "Yala" and "Maha" on or before 2™ 1 of May and 18 (h October, respectively was 0.50. It was also shown that there was no cyclic pattern in the rainfall.
The average contribution of the six picks to the total yield in the 21 years period in this region was 12.1 %, 16.9%, 20.7%, 16.2% and 11.9% respectively. A similar trend has been observed at BE by Abey wardena and Fernando (1963). The impact of weather on the six picks would not be identical as respective bunches open at different times of the year. Thus to recognize the distribution of two-monthly rainfall would be useful in this study.
Let JF, MA, MJ, JA, SO and ND denote the cumulative rainfall during January/February, March/April, May/June, July/August, September/October and November/December respectively of the preceding year. From the W-statistics and the normal probability plot in the Proc Univariate (SAS Institute Inc.), the distribution of MA, SO and ND were found to be approximately normal. The distributions of JF and JA were skewed to right. The distribution of MJ and MA seemed to be complex. The cumulative probability density functions were drawn to obtain probabilities for specific events of the variables. The mean (x), standard deviation (s), five quartiles, Q 1M (maximum), Q 7J , Qj,, (medium), Q 25 , Q,, (minimum) and the probability of rain exceeding the mean, P r (rain > x), of the six variables are given in Table 2 . The mean and other statistics were highest in SO while these were lowest in JF. An alternative approach is to fit normal distribution using a suitable transformation or gamma distribution (Diwakara, 1973) which will be discussed in a subsequent study. These graphical models indicate the uncertainty of the relationship between rainfall and yield.
The correlatiion coefficients between yield and rainfall during the six sub-periods along with the r m for the seven yearly groups are given in Table 3 . The mean temperature along with the mean maximum and minimum temperatures of the bi monthly periods at RE are also given in Table 4 . 
January/February (JF)
The r m between yield and cumulative rainfall during January/February was 0.386 which indicated a substantial influence of rainfall on yield. Adding JA2 into the linear models did not improve R 2 in all the seven models fitted for seven yearly-groups. Between the six sub-periods the highest mean correlation between number of rainy days and the cumulative rainfall (r = 0.794**) was observed in January/February. This reveals that there is potential for increased yields wilh high rainfall and a greater number of rainy days during January/February. High yielding (> 11,000 nuts /ha) years occurred when rainfal I during January/February in the previous year exceeded 100 mm [ Fig. 1 (a)] which was higher than the mean rainfall in this period (81.4 mm) . The probability of rainfall intensity exceeding 100 mm during this period was 0.335. Thus the beneficial effect on yield wherever observed was unlikely to be due to rainfall alone.
The relatively clear sky of January/February allows a higher incidence of solar radiation on the palms, increasing the evaporative demand. This condition is favourable to palms as long as there is an uninterrupted supply of soil water. In this instance, it would appear that such environmental conditions are facilitated by the high soil water reserves from the north-east monsoon rains that generally occur in the October/November period of the previous year. If soil water reserves were not available, the palms would respond favourably to applied water (irrigation) during this period. The data in this study are however inadequate to quantitatively test validity of this hypothesis.
March/April (MA)
The r m between yield and cumulative precipitation during March/April was reasonably high (0.510*) and significant. When quadratic models were fitted to the seven yearly-groups, sepa rately R 2 values were not improved, which indicates that the cumulative precipitation is all used by palms beneficially towards increasing yield. The coefficients of JF were always higher than the coefficients of MA in all linear models fitted to the seven yearly-groups. It was evident that the yield response to rainfall during January/February was more marked than during March/April.
Evaporative demand in the atmosphere may have been higher during the period March/April compared to January /February and as a result of the rate of water supply to the palms falling short of potential evapQtranspiration, palms are likely to have undergone a period of soil water "stress" during the March/April period. There was also a statistically significant interaction between the rainfall during the two periods. Most of the high yielding points in Fig. 1(b) were below the precipitation line of400 mm, indicating that palms could tolerate around 400 mm in March/April was very low (0.192). It therefore, appears that the rainfall and soil water reserve together could not provide the eVapotranspiration needs of the palms during this period. Given adequate water (through rainfall or supplementary irrigation) the palms may have responded wilh a further increase in yield.
May/June (MJ)
The r values in May/June were very low and non-significant in all yearly-groups. However, when MP was added into the linear regression models, R-was improved considerably in all cases. The range of R* in the linear model was from 1.25 to 13.28 whereas the range of R J for the quadratic model was 22.50 to 36.97. The R J m was increased from 6.10 to 29.57. The two parameters in the quadratic model were either significant or near significant at the 5% level. It was thus clear that crop response to rainfall during May/June was quadratic. The range of the maximum points calculated for yearly-groups varied from 410 to 463 mm. This suggests that the rainfall in excess of460 mm during the period May/June would have a depressing effect on yield. The period May/ June being wet with frequent showers, the high cloud cover, the lower levels of solar radiation and high RH in the atmosphere may have resulted in a lower evaporative demand despite an adequate supply of soil water. This probably sets an upper limit to productivity of palms by decreasing the rate of photosynthesis.
July/August (JA)
The correlations in July/August were also low in all periods and were statistically not significant. The r m was lowest (positive) during this period and fitting a quadratic or a parabolic model did not increase R 2 . Thus the precipitation during this period showed neither a depressing nor an increasing effect on yield implying that the effect of rainfall itself during July/August was minimum.
The above position could be due to a water surplus occuring during the previous two months which is available for use by palms beneficially under conditions of high levels of solar radiation and therefore high evaporative demand. Excess water supplied through small rainfall events during this period may have been lost by soil evaporation, favoured by the same environmental conditions and hence may not contribute to productivity of palms.
September/October (SO)
The r values observed in the period of September/October were all negative and varied from -0.010 to -0.409. The mean value was -0.206. Many high rainfall points in Fig. 1 (e) resulted in lower yield. The R 2 slightly improved with the square root models than with the quadratic models indicating that the adverse effect on yield due to heavy rain could be minimal.
November/December (ND)
The mean correlation coefficient observed during the period November to December was -0.S14 and significant at 5% level. The highest value was -0.710 and the lowest value was -0.358. All values were negative. These results clearly show that there were harmful effects due to high rainfall during the last two months of the year. Adding ND 2 into the linear models did not improve R 2 . However, the two coefficients in the first four yearly groups were both negative indicating a parabolic relationship between yield and rainfall. However, in the other three groups, a quadratic relationship was observerd where the maximum points changed from 374 to 388. These results show that the response pattern was again complex. It also clearly indicates the negative effect of higher rainfall probably due to an excess of water in the soil along with a drop in evaporative demand due to high cloud cover, low solar radiatiion etc. as in the case of May/June.
Crop-Rainfall Model
In order to identify to what extent these bi-monthly rainfall parameters influence yield variation, step-wise regression was used to select the most suitable parameters. It was then found that in all seven yearly-groups the model, yield = f (JF, MA, MAMJ, ND 2 , JFn), where JFn was the number of rainy days during January/February, MAMJ was the product of MA and MJ and others were as defined above, was reasonably fitted uniformly to all yearly-groups. The F-values were all significant at the 1 % level and all the coefficients were significant at least at 5% level except JFn on three occasions. The R 2 values were 89.18%, 92.73%, 83.89%, 88.64%, 92.74%, 92.06% and 86.14% and so R 2 m was 89.34. About 89% of yield fluctuation over time can therefore be explained by these variables which would be useful in predicting annual yield in a given area in the Low Country Intermediate Zone in Sri Lanka, on short-term basis.
CONCLUSIONS
The study showed the degree of effect of rainfall in two-monthly sub periods in the year prior to the harvest on coconut in the Low Country Intermediate Zone of Sri Lanka. The rain during January/February was the most influential and that of July/August was least influential. The rainfall during May/June had a depressing effect and the optimum rainfall for coconut palms during May/June was 430 mm. High rainfall during September/October had discernible effects on yield while the high rainfall during November/December decreased yield.
The underlying factors to which are attributed the fluctuation in yield due to rainfall is complex and require a concerted and multidisciplinary approach by plant physiologists, agroclimatologists, and soil scientists to understand such mechanisms and formulate measures to alleviate detrimental effects. The impact of major climatic factors such as solar radiation and relative humidity should be studied along with rainfall. In addition, studying the effects of these factors on the six picks separately would also be usefull.
The study showed that about 89% of the variation in yield could be explained using a multiple regression model using the parameters of cumulative rainfall during the period January/February (JF), May/June (MJ), number of rainy days during January/February, product of rainfall during March/April and May/June (MAMJ) and the square of rainfall during November/December (ND2). This model would be useful in identifying the potential yield in an area of the Low Country Intermediate Zone of Sri Lanka. Further, developing weather based mathematical models would be useful in crop-simulation studies.
